Angular distribution and kinetic-energy spectra of fragments, and sections for fission of gold with 68-to 124-Mev C 12 ions have been obtained by observation of the fragments in two type s of detector s, gas scintillation chambers and silicon p-n junctions. From the parameters used to fit the angular distributions to the theoretical curves of\:a:alpern and Strutinski, we have obtained the average excitation ener gy of the fis sioning nucleus at the time of fission. This quantity is approximately 25 Mev, which is nearly independent of bombarding energy, suggesting that fission is preceded by the emission of several particles from the compound nucleus. The fission cross section increases from a value of 100 mb at 68 Mev to 1.28 b.
-4-
UCRL-9257
The parameter s obtained by fitting the experimental angular distributions with theoretical curves were used to estimate the average excitation energy of the fissioning nucleus at the time of fission. By obtaining this quantity, one is able to determine an average number of particles emitted prior to fission. Fairhall~al. have interpreted their results as indicating that for compound nuclei with Z <90 produced in helium-ion bombardments, r fir n (ratio of level width for fission to that for neutron emission) increases with excitation energy at least to approximately 35 Mev. 5 Therefore, they sugge st that most of the fission observed from the compound nuclei at these excitation energies must occur before neutron evaporation reduces the excitation energy and fission probability.
In addition to the angular distributions, we have also obtained information on the total fragment kinetic-energy release and on the cross sections for fission of gold with carbon ions at energies between 68 and 124 Mev.
The results of some of the early phases of l:ihis study have been reported else-6 where.
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II. EXPERIMENTAL PROCEDURES
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Carbon-ion beams were obtained from the Berkeley heavy-ion linear accelerator (Hilac), a resonant-cavity machine that accelerates heavy ions to 10 .4 Mev/nucleon. Angular -distribution experiments were performed in the vacuum tank shown in Fig. 1 . During the experiments, the tank was connected to the Hilac vacuum system in which pressures were of the order of 5X10 -6mm Hg The gas-scintillation technique has been discussed by several authors. 8 -10 Fragments entered the gas scintillation chamber through a 0.03-mil nickel window, which was supported by a grid that transmitted 49%
of the impinging particles. The scintillating gas, argon, was flushed through the chamber at 1 atmos. i!Tygon H paint and diphenyl stilbene served as the reflector and wave -length shifter, re spectively.
-6 -UCRL-9257 MU-19022 scintillation chamber
Co pper gas lines
High-voltage coble The electronic system used with the solid-state detector s is shown m Fig. 2 . The same system was used with the gas scintillation chambers, except that pulses from the photomultiplier tube were fed directly into the cathode follower. The pulse generator was used to check the gain and noise level of the system and to make corrections for coincidence losses. A signal from the Hilac electronic system could be used to trigger the pulse generator during the 2-msec bursts of particles. ions. The large number of counts at the Jlow-energy end of the spectrum resulted from pile-up of pulses produced by scattered beam particles and other light particles. Individual pulses from these light particles were clearly distinguishable from the pulses produced by fission fragments, because the sensitive counting regions of both types of counter s could be made 1 slightly longer than the range of the densely ionizing fission fragments. -11-
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Thus, the lighter particles deposited only small amounts of energy in the counting region. However, "pile_up" of several of the small pulse s in the electronic system could result in pulses of the size produced by the fission fragments. This difficulty became serious only at forward angles less than about 40 deg. At those angles, a log-arithmic subtraction of the pile-up background was often necessary. The gas scintillation chamber was mechanically limited to angles between 17 and 163 deg. The physically smaller solid-state detectors could be used between 8 and 172 deg.
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III. EXPERIMENTAL RESULTS
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The fragment kinetic -energy spectra obtained at various angle s to the beam were integrated, corrected for coincidence loss, and normalized to the same number of beam particle s in order to obtain fragment angular distributions in the laboratory system. Two of the angular distributions are 6 shown in our earlier report.
We have as sumed that the peaks of the kineticenergy distributions represent the energy per fragment when symmetric division occur s. From the change in energy of the peak with laboratorysystem angle, we were able to obtain a value for the ratio ", given by _ velocity of the fissioning nucleus in the beam direction (1) ,,-velocity of the fragment in the center -of -mass system .
The values for " obtained in this way are listed in Table 1 
From the resulting value of K~and the curve of Ref. 1 (Fig" 2) , we determine the value of the quantity (E -E f ), where E is the excitation ex ex energy of the fissioning nucleus, and E f is the height of the fission barrier.
The fission-barrier heights have been estimated by using the equations of The results of this analysis of the angular-distribution data are given in Table II .
From the results presented in Table II, According to both theoretical treatments, the fis sion probability is independent of the angular momentum of a nucleus; 1, 3 however, Pik-Pichak's calculations indicate that r fir n is an increasing function of angular momentum. 18 If this is true, fission takes place with higher relative probability from the high-spin nuclei than from those in low-spin states.
Thus, the average angular momentum of the fissioning nuclei may be considerably larger than the average angular momentum of all the compound nuclei. Also, 2 it has been suggested that the value of K O for a given value of (E ex -E f ) may be lower in the astatine region than among the heavier elements. Whereas the " values that we obtain for fission of gold with carbon ions are consistent with the concept of formation of a compound nucleus, preliminary measurements in the uranium -plus -carbon system indicate that, at higher bombarding energies (?-90 Mev), the average forward momentum of the fissioning system is considerably less than that of the bombarding particleo 23 Such an effect could arise if fission were, in some cases, the result of reactions in which not all of the bombarding particle entered (a) Charged-particle emission. One expects the competition from charged-particle evaporation to increase rapidly with excitation energy. 25 This effect has been observed by Quinton~~., who found a ratio of approximately two alpha particles (in addition to protons) per three fission events value of those formed in the initial interaction between the bombarding particle and the target nucleus. In the early stages of evaporation of partides from the compound nucleus, the excitation energy, and thus the density of high-spin states, is large. Therefore, it is expected that in early stages of the evaporation process, the average angular momentum of the compound 33 nucleus may be reduced by only small amounts.
Thus it is possible that particle evaporation may proceed to an excitation energy only slightly above the neutron binding energy while retaining most of the angular momentum of the initial compound nucleus. Emission Bf neutron will be greatly hindered -25-UCRL-9257 because of the small density of high-spin states in the residual nucleus and the decreasing probability for transmission of neutrons through the nuclear surface with higher orbital angular momentum. 34 Because of the hindrance of neutron emission in the final stages of de-excitation, the probability for fission (a process in which large amounts of angular momentum can be easily carried off) may be greatly enhanced over its value for low-spin states, other conditions being the same. Pik-Pichak i s predicted decrease in fis sion barriers with increasing angular momentum would also contribute to this 18 trend.
We feel that these three trends produced the observed results of fission at low excitation energies. However, it is not possible, on the basis of our results alone, to determine the relative importance of the three explained on the basis of (a) an increase in probability for charged-particle evaporation with increasing excitation energy, (b) an increase in relative fission probability with decreasing mass number for a given atomic number, and (c) hindrance of neutron evaporation at low excitation energies as a result of angular -momentum and level-density effects. Our data do not suffice to determine the relative importance of the three effects.
At all bombarding energies, we find that for reactions that lead to fis sion, the full momentum of the carbon ion is transferred to the gold target nucleus. From this result, it is inferred that fission results only from reactions in which a compound nucleus is formed from the carbon particle and the gold nucleus. This observation is in contrast to those in the uranium-pIus-carbon system, in which, at higher bombarding energies ( ;:. 90 Mev), there is incomplete momentum transfer in some of the reactions that lead to fission. 23 -27-
The slight increase in fragment kinetic-energy release with increasing bombarding energy is attributed to an increase in the average number of neutrons evaporated prior to fission. Thus, the fissioning nuclei produced in the higher-energy bombardments have higher values of the quantity Z2/A 1/3 and would be expected, on the basis of Terrell's correlation of kinetic energy release with z2/A 1/3, 35 to yield higher kinetic energies.
